Nickel oxide/cobalt phthalocyanine (NiO-CoPc) nanocomposite is synthesized by solvent evaporation method. The synthesized nanocomposite is characterized for thermal, structural, and optical properties. Thermogravimetric and differential thermal analysis results proved the thermal stability of the sample. XRD patterns revealed an average crystallite size of 16 and 17.5 nm, respectively, for the pure and nanocomposite samples. The formation of NiO/CoPc nanocomposite is confirmed by the FTIR results. The characteristic B and Q bands of metal phthalocyanines are visible in the absorption spectrum. A decrease in band gap and an enhanced absorption in the visible region are observed for the nanocomposite. The PL emission spectrum of the nanocomposite exhibits fluorescence quenching which makes them suitable for solar cells and photocatalysis. This work constitutes the first report on the synthesis and characterization of the NiO/CoPc nanocomposite.
Introduction
Nanocomposites are materials of considerable interest because of their unique design and excellent properties. The combination of organic/inorganic nanocomposites has attracted much attention because of the blending of their distinct physical and chemical properties. There are a rich variety of possible combinations of organic-inorganic materials. Organic materials offer interesting optical properties, structural flexibility, tunable electronic properties and the potential for semiconducting behaviour [1] . Phthalocyanines are p-type organic semiconductors with high stability, having wide range of applications from medicine to microelectronics [2] .Out of these; metal phthalocyanines (M.Pc) have invited attention due to their good thermal and chemical stability, photoconductivity and semi-conducting nature. Their thermal and chemical stability are important properties that make them suitable for electrochemical sensors [3] . The properties of M.Pcs are determined by the conjugated π electron ring system of the molecule. Due to their high electron transfer abilities, M.Pcs are promising candidates in the field of molecular electronics, opto-electronics, etc. The potential applications of M.Pcs include solar energy conversion [4] , photo detectors [5, 6] , chemical sensors [7] , gas sensors [8] and nonlinear optics [9] . In the other hand, inorganic metal nanoparticles exhibit good thermal and mechanical stability, high carrier mobility, and varied magnetic and dielectric properties [1] .
Pure single crystalline NiO is identified as a Mott-Hubbard insulator having very low conductivity at ordinary temperatures. It is reported that the presence of Ni 2+ vacancies makes nanosized NiO a wide band gap p-type semiconductor [10] . The structural and optical properties of NiO can be finely tuned with the incorporation of CoPc into the NiO lattice. In the present work, solvent evaporation method is employed to synthesize NiO/CoPc nanocomposite. The thermal, structural and optical properties of the nanocomposite are studied and compared with that of NiO nanoparticles. This is the first report on the synthesis and characterization of NiO/CoPc nanocomposites. However, literatures are available on the study of other metal oxide/CoPc nanocomposites. Priyanka et al. have reported the improved visible light photocatalytic degradation of organic dyes using TiO 2 /CoPc nanocomposite [11] . CoPc-loaded nanotitania is used for the photocatalytic reduction of carbon dioxide as reported by Liu et al. [12] . Babitha et al. have observed a reduction in band gap for CeO 2 /CoPc nanocomposite synthesized by solvent evaporation method [13] . 
Experimental details

Materials
Synthesis of NiO-CoPc nanocomposite
The NiO-CoPc nanocomposite is prepared by solvent evaporation method. A solvent mixture containing 50% dimethyl sulphoxide, 30% dimethyl formamide and 20% ethanol is prepared. 1 wt% cobalt phthalocyanine is dissolved in the mixture under constant magnetic stirring and simultaneous heating at 50 °C. NiO nanoparticles prepared by chemical precipitation method and calcined at 500 °C are gradually added to this solution. The procedure adopted for the synthesis of NiO nanoparticles is reported elsewhere [14] . After complete evaporation of the solvent mixture, the obtained material is washed several times to remove remaining organic solvents and dried at 100 °C in a hot air oven for 18 h. The scheme for the synthesis is shown in Fig. 1 .
Characterization
The thermal behaviour of the NiO/CoPc nanocomposite from room temperature to 880 °C is studied by thermo gravimetric analysis (TGA) and differential thermal analysis (DTA) using Perkin Elmer STA 6000, at a heating rate of 20 °C min −1 . The structural characterization is done by PXRD method using Bruker D8 Advance X-ray diffractometer (λ = 1.5406 Å, step size = 0.020° and step time = 32.8 s) with CuKα radiation (λ = 1.5406 Å, X-ray tube voltage = 40 kV and current = 35 mA) from 0 to 90 °C. TEM and HRTEM images are recorded at an accelerating voltage of 200 kV on a Jeol/JEM 2100 instrument. Thermo Nicolet, Avatar 370 instrument is used to record Fourier transform infrared spectra of the samples in the range 4000-400 cm −1 . The optical absorption spectra of the samples are recorded using Shimadzu 2600/2700 UV-visible spectrophotometer in the wavelength range of 200-800 nm. PL spectra of the samples at room temperature are measured using a Fluoromax 3 spectrophotometer.
Results and discussion
Thermogravimetric analysis
TG/DTG curves of the prepared precursor and NiO/CoPc nanocomposite are displayed in Fig. 2 . The precursor decomposed completely at around 350 °C to form nickel oxide. A small weight loss of about 6% is observed in the TG curve of the composite which confirms its thermal stability. The weight loss up to 400 °C is related to the evaporation of trapped solvents such as water and ethanol. It is reported that CoPc is stable up to about 400 °C and decomposition starts around 425 °C [15] . This may be the reason for a comparatively sharp weight loss (1%) around 400 °C, which occurs by the partial decomposition of macrocyclic structure which results in the loss of low weight atoms from the composite structure [16] .
The DTG curve of the sample shows an endothermic peak around 60 °C. This represents a weight loss due to the combustion of organic residues. A sharp endothermic peak positioned around 428 °C also indicates a change of weight suggesting the oxidative degradation of the sample. Thermal analysis confirms the thermal stability of the nanocomposite in the temperature range.
XRD analysis
The structure, composition and purity of the prepared samples are analysed using XRD. The size and micro-strain contributions to the broadening of XRD peaks is calculated by Williamson-Hall equation, βcosθ = kλ/D + 4εsinθ [18] . The micro-strain values for NiO and NiO/CoPc are 6.656 × 10 −4 and 7.259 × 10 −4 , respectively. The presence of oxygen vacancies, dislocations and crystal imperfections may contribute to the micro-strain. The defect centres formed due to the insertion of CoPc into the NiO lattice are responsible for the increase in micro-strain.
TEM analysis
To reveal the morphology and size of the synthesized particles, TEM images of pure NiO and the nanocomposite are recorded as displayed in Fig. 4 . The particle size of the composite material ranges from 20 to 25 nm. The bright field image of the composite shows the cube-like shape of the particles which are well-dispersed with smooth surfaces. The crystallinity of the sample is confirmed by the bright spots in the SAED pattern. The particle size distribution of NiO/ CoPc nanocomposite is plotted in the histogram in Fig. 5 .
FTIR analysis
FTIR spectra of pure and nanocomposite samples are presented in Fig. 6a . The spectrum of the nanocomposite shows some prominent peaks which confirm the presence of CoPc. [19, 20] . Figure 6b shows FTIR spectrum of the nanocomposite in the range 1500-700 cm −1 . The bands at 723 (C-H out of plane deformation), 918 (metal ligand vibration), 1112 (C-H in plane bending), 1156 (C-N in plane bending), 1287 (C-N stretching) and 1330 cm −1 (C-C stretching) confirm the existence of CoPc in the composite [21] . The band located at 723 cm −1 in NiO/CoPc represents the characteristic α-phase of CoPc [13] . Figure 7 shows the UV-visible absorption spectra of NiO and NiO/CoPc composite in the range 200-800 nm.
UV-visible studies
A strong absorption in the range 200-300 nm centred at 235 nm is observed in both samples, which are attributed to band gap absorption in NiO [22] . The absorption peak of NiO arises from the transition between 2p states of oxygen in the top of the valence band and 3d states of Ni at the bottom of the conduction band [23] .
Compared to NiO, NiO/CoPc shows very good absorption in the range 300-750 nm. This corresponds to the B band (Sorret band) and Q band which are characteristic of metal phthalocyanines. This indicates the successful incorporation of CoPc in NiO. Both these bands arise from π-π* transitions of the conjugated macrocycle of 18 π-electrons [24, 25] . The two absorption peaks in the Q band are at 2.02 and 1.83 eV. The higher-energy peak (Q1) has a slightly larger intensity compared to the second peak (Q2), which is a typical feature of CoPc α-phase [26] . The electrons in the π orbital which overlap between molecules are responsible for the absorption spectra [27] . The plot of hν vs. (αhν) 2 for the pure sample and the nanocomposite are displayed in Fig. 8 . The intrinsic band gap energies obtained are 3.24 and 3.09 eV for NiO and NiO/CoPc, respectively. The decrease in band gap for the composite is due to crystallite growth which results in the broadening of highest occupied molecular orbit in the valence band (HOMO) and the lowest unoccupied molecular orbit in the conduction band (LUMO) energy levels. The addition of CoPc into NiO has extended the absorption from UV to visible region of NiO, suggesting visible light photocatalytic application of the nanocomposite. 
PL studies
Room temperature photo luminescence spectra (λ ex = 280 nm) for NiO and NiO/CoPc are shown in Fig. 9 .
There is a broad emission band ranging from 325 to 425 nm with a peak located at 395 nm. This corresponds to the emission of free and bound excitons produced by oxygen vacancies and surface defects of NiO. Several shoulder peaks at 314, 447, 463, 479 and 489 nm in the violet-blue region are also observed for both the samples. The shape of the PL spectra of the composite is similar to that of NiO indicating that the inclusion of CoPc does not cause new fluorescent phenomena because of strong spin-orbit interaction [28] . As the surface oxygen vacancies of NiO can bind electrons to form excitons, the fluorescent effects of the composites are caused by the surface structure of NiO.
The efficiency of electron trapping and recombination of electrons and holes determines the emission peak intensity. Compared to pure NiO, PL spectrum of the composite suffers a reduction in intensity. This emission quenching represents the interaction and electron transfer process between CoPc and NiO. The result indicates that the composite can effectively block the electron-hole recombination in NiO, and improve the efficiency of separation of electrons and holes [29] . This will in turn enhance the photocatalytic activity of the composite. Hence, the photo-efficiency and photo-activity of NiO nanoparticles can be improved with the addition of CoPc of appropriate concentration which makes them suitable for potential applications in solar cells and photocatalysis.
Conclusion
NiO/CoPc nanocomposite is synthesized by simple solvent evaporation method. TGA/DTG studies confirm the thermal stability of the sample. The formation of NiO/CoPc nanocomposite is confirmed by the XRD, TEM and FTIR results. UV-visible absorption studies indicate a decrease in band gap energy along with an enhanced and extended visible light absorption for the nanocomposite. The emission quenching in PL spectrum makes them suitable for solar cells and photocatalysis and for potential applications in varied fields. 
